INTRODUCTION
The genus Crypturellus Brabourne & Chubb comprises the majority of the South American tinamous (Sick 1997) . Although several taxonomic revisions have been conducted (Hellmayr & Conover 1942 , and references therein), much uncertainty persists in the taxonomy of this genus, in which considerable inter-and intraspecific variation is known to exist (Amaral & Silveira 2004) . For example, at least 10 taxa have been considered subspecies of Crypturellus noctivagus (Wied, 1820), including C. n. erythropus, C. n. atrocapillus, C. n. garleppi, and C. n. duidae (Hellmayr & Conover 1942, Phelps & Phelps Jr. barring in the wings, supercilium length, and the presence of barring in the breast. Plumage colors were classified following Munsell (1994) , comparing the specimens' colors to the reference colors provided by the charts, and then grouped in eight color categories (Table 1) to allow more straightforward comparisons. Tarsus color, although not preserved in the museum skins, could be analyzed through high-quality photos from birds in the wild (www. wikiaves.com.br) and also from information present on the specimens' labels. We also analyzed high quality photos of eggs when available (www.wikiaves.com.br). Morphometric analysis included wing and tarsus length, bill size (length, height and width) and egg size and shape (length, width and "roundness index", i.e., length/width). All measurements were taken using calipers. To measure the wing bars, three bars from the middle coverts were selected, measured and the mean value was calculated. Student t-tests were conducted in PAST software v.2.15 (Hammer et al. 2001 ) and multivariate analysis (Principal Component Analysis) was carried out in SPSS 13.0. To avoid bias in the analyses, we did not consider a priori the provenance and previous identification of each specimen.
Vocal samples were obtained at the Arquivo Sonoro da Seção de Aves do MZUSP, on internet databases (www.wikiaves.com; www.xenocanto.com), and from colleagues. Sonograms were created and analyzed using the software Raven Pro 1.4 (Bioacoustics Research Program 2011) . We only used recordings that produced clear and precise sonograms, with low or no background noise (sample size: n = 10 for C. n. noctivagus, n = 5 for C. n. zabele). The choice of vocal characters for the analysis was based on Isler et al. (1998) and Bertelli & Tubaro (2002) , namely: the number of notes (a note being defined as an unbroken trace in the spectrogram), total duration of vocalization, maximum frequency, minimum frequency, bandwidth (max. freq. minus min. freq.), peak frequency (frequency at the point of highest amplitude), peak time (point in time of highest amplitude), and duration of each note and internote. Not all sonograms allowed precise note distinction; therefore, sample size varied for the analyses of note and internote duration. To minimize possible intra-individual differences, we followed Isler et al. (1998) and used a mean value when we had more than one vocalization for a single individual. The locality of each specimen was taken from their respective labels and from gazetteers (Paynter & Traylor 1991; Vanzolini 1992) and geographic data websites (e.g. http://www.fallingrain. com and http://www.bngb.ibge.gov.br/bngb.php), and mapped using the QuantumGis software.
RESULTS
Consistent differences in plumage color and pattern, morphometric characters, color of tarsus, egg color and egg shape were found. A very distinctive feature that stands out is the tarsus color. Tarsi are olivaceous in birds from the Atlantic Forest (currently C. n. noctivagus) and pure- Munsell (1994) color codes from which they derived.
Color categories Munsell (1994)
Black 5YR 2.5/1; 7.5YR 2.5/1; 10YR 2/1 Dark grayish brown 2.5YR 2.5/1; 2.5YR 3/1; 5YR 3/1; 7.5YR 3/2; 10YR 3/1; 10YR 3/2; 10YR 4/1 Grayish brown 5YR 4/2; 7.5YR 4/2; 10YR 4/2; 10YR 4/3; 10YR 5/2
Dark reddish brown 2.5YR 3/6; 5YR 2.5/2; 5YR 3/2; 5YR 3/3; 5YR 3/4; 7.5YR 2.5/2; 7.5YR 3/4; 10YR 2/2 Reddish brown 2.5YR 4/4; 2.5YR 4/6; 2.5YR 5/6; 2.5YR 5/8; 5YR 4/4; 5YR 4/6; 5YR 5/4; 5YR 5/6; 5YR 5/8; 5YR 6/8; 5YR 7/8; 7.5YR 4/6; 7.5YR 5/6; 7.5YR 5/8
Yellowish brown 7.5YR 6/6; 7.5YR 6/8; 10YR 5/4; 10YR 5/6; 10YR 5/8; 10YR 6/4; 10YR 6/6; 10YR 6/8 (Figure 1 ). Therefore, breast color is a diagnostic difference between females of the two forms. As a consequence, C. n. zabele shows sexual dimorphism in plumage, which was not noticed in C. n. noctivagus. Although males of C. n. noctivagus tend to be more reddish than females, this is not a consistent difference (Table 2) . We found in almost every plumage character analyzed that Crypturellus n. zabele are paler than C. n. noctivagus. This is much more prominent in the wing bars and tail, and in the overall color of the throat, upper breast, and abdomen, which are darker and/or redder in C. n. noctivagus (Table 2 ). There is overlap in some of the characters analyzed; however, the color of the wing bars and tail coverts are distinct ( Figure 1 ; Table 2 ). Even with a minor overlap in the color of the wing bars, the differences between the wings of the two forms become evident when we consider the larger bars in C. n. zabele wings (Table 3 ) combined with its overall paler colors. The color of the light bars in the tail coverts is particularly interesting: most C. n. zabele specimens showed a clear difference between the color of bars in rump (reddish brown) and tail coverts (pale), not observed in any C. n. noctivagus, which had darker tail covert bars. We also noted that the superciliary stripes tend to be not only paler in C. n. zabele (Table 2 ), but also broader and longer than in C. n. noctivagus, which usually had short, thin or even fragmented stripes (in C. n. zabele the stripes were evidently marked).
When sexual dimorphism for morphometric characters was analyzed, Student's t-test indicated that females of C. n. noctivagus are borderline significantly smaller than males for wing (t 44 = 1.96, p = 0.05) and tarsus length (t 44 = 2.06, p = 0.04). Males and females of C. n. zabele were indistinguishable when the same characters are compared (p > 0.05 in all cases). When comparing the same characters between males and females of each form, the tarsus length and wing bars of males of C. n. noctivagus significantly differed from males of C. n. zabele (t 33 = 2.22, p = 0.03 and t 27 = -3.96, p < 0.01, respectively), with males of the latter having smaller tarsi and broader wing bars than males of C. n. noctivagus. When females were compared, differences were only found in wing bars size, broader in C. n. zabele (t 15 = -2.51, p = 0.03). It is important to notice that, except for the wing bars, these morphometric differences were very subtle (Table 3) . When all birds were analyzed in the Principal Component Analysis (Figure 2 ), two factors explained 66.8% of the total variance between the two taxa. The taxa cluster with small overlap (Figure 2 ) suggesting the existence of morphometric differences between C. n. noctivagus and C. n. zabele, the latter with a tendency to have shorter tarsi and broader wing bars.
We also found differences between the two taxa in egg color and shape: eggs of C. n. noctivagus are greenish, while those of C. n. zabele are bluish; moreover, eggs of C. n. zabele are more elongated (greater length/width index; Table 3 ). However, owing to the small number of available clutches, these differences should be treated as tentative rather than definitive. Bandwidth is the maximum frequency minus minimum frequency, peak frequency is the frequency at the point of higher amplitude, and peak time is the point in time of highest amplitude (represented as a percentage of the total vocalization). Peak time was calculated for the mean of each specimen vocalizations and for grouped vocalizations in which the highest amplitude was in the first or second note. Not all sonograms allowed precise note distinction; therefore sample size varied for the analysis of note and internote duration. Spectographic (sonogram) analysis did not show significant differences in the vocal characters analyzed (Table 4) . Songs of both C. n. noctivagus and C. n. zabele consist of three to four notes with equally variable note and internote duration, as well as varied frequency and amplitude time (peak time) (Figure 3 ). The point of highest amplitude (peak time) can happen on the first or second note, and both patterns appeared in vocalizations of a single individual. Therefore, we analyzed peak time considering the mean of each individual, as was done for A reassessment of the taxonomy of Crypturellus noctivagus (Wied, 1820) Barbara Mizumo Tomotani and Luís Fábio Silveira other characters, but we also measured it considering each vocalization, grouping vocalizations with the peak time in the first and second note, but significant differences were not found. However, C. n. zabele peak time seemed to occur slightly later than the peak time of C. n. noctivagus. The voice of C. n. zabele also seemed to have a slightly lower frequency than that found in C. n. noctivagus, but there was a great overlap between the two taxa. Regarding distributions, the two taxa do not overlap. Crypturellus n. zabele is endemic to the Caatinga, also marginally inhabiting the Cerrado (Figure 4) , and occurs in northeastern Brazil from Piauí to northwest Minas Gerais states, whereas C. n. noctivagus is endemic to the Atlantic Forest, occurring from Bahia to Rio Grande do Sul states (Figure 4) . However, in the present, due to the severe deforestation of the Atlantic Forest, which resulted in its replacement by open, drier vegetation similar to the Caatinga, C. n. zabele distribution can be extended closer to the western limits of the nominate form in Espírito Santo and southern Bahia states. A reassessment of the taxonomy of Crypturellus noctivagus (Wied, 1820) Barbara Mizumo Tomotani and Luís Fábio Silveira
DISCUSSION
The overall plumage of C. n. zabele is paler than in C. n. noctivagus and they also differ in morphometric characters and egg shape and color. However the most striking differences appear when we compare the tarsus coloration and the females' breast plumage. These diagnostic characters are critical to the recognition of these taxa as two distinct, independent lineages, which must be considered as separated species under the Phylogenetic Species Concept. The first description of a specimen from the Crypturellus noctivagus complex was provided by Wied (1820), who described Tinamus noctivagus (= Crypturellus n. noctivagus) based on a type specimen from Muribeca Farm, Itabapuana River, Espírito Santo state. It was characterized as possessing dark gray-reddish brown upper parts, reddish rust-brown lower back and rump, ashy gray lower neck and rusty-yellow bright brownish breast. The author did not mention tarsus color, and no plate accompanies his description. Five years later, Spix described Pezus zabelé (= Crypturellus n. zabele) based on a specimen from Oeiras, Piauí state. A plate accompanied the description, where the yellowish wing and tail bars, as well as the yellow legs, can be clearly seen (although the superciliary stripe is absent).
Several authors attempted to analyze these taxa such as Salvadori (1895) and Miranda-Ribeiro (1938) , but Hellmayr & Conover (1942) provided the most accurate description to date, with the recognition of two forms: C. n. noctivagus and C. n. zabele. They noticed that while females of C. n. zabele had barred breasts, males of the same subspecies did not, so they recognized the existence of a sexually dimorphic character in this form. Hellmayr & Conover (1942) were unsure about their female analysis, having a single adult female, but our analysis with more specimens allow us to recognize the bars in female breasts as a diagnostic character of C. n. zabele. Hellmayr & Conover (1942) also pointed that C. n. zabele would be distinguishable from C. n. noctivagus due to several paler characters, wings more broadly barred with pinkish buff and distinctive superciliary stripes. We could recognize all these characters in our analysis, but most of them had a small degree of overlap with C. n. noctivagus.
Salvadori (1895) treated these two taxa as synonyms under the name Crypturus noctivagus and proposed that the species is sexually dimorphic: females were suggested to show more distinct wing barring than males, yellow buff and more barred rump and tail coverts, with the black bars wider and better defined than the chestnut ones, paler yellowish buff or rufescent upper tail covert bars, and more heavily barred flanks, with the brown-black bars extending from the flanks to the sides of the breast.
However, Salvadori's description of the male corresponds to C. n. noctivagus while the female corresponds to C. n. zabele (Hellmayr & Conover 1942) . Our data support the conclusions of Hellmayr & Conover (1942) . Miranda-Ribeiro (1938:739, 754) did not consider C. n. zabele as valid, but instead reported sexual dimorphism in C. noctivagus. He had at hand a very small series (five specimens), and his description of Orthocrypturus noctivagus includes characters found in both taxa. Miranda-Ribeiro (1938) indicated that females have a more ochre and distinct superciliary stripe, as well as a more ferruginous neck and upper breast than males. In C. n. zabele, the more ferruginous and barred upper breast does occur in females, instead of having the solid gray upper breast observed in females of C. n. noctivagus.
Further studies after Hellmayr & Conover (1942) did not expand or deepen the discussion over the taxonomic status of these tinamous. Pinto (1964) , however, suggested possible sexual dimorphism in C. n. noctivagus based on the presence of black bars on the entire back, rump and tail coverts in females (in males, present mainly in the tail coverts). Nevertheless, according to our analysis, barred back and rump are found in both males and females. Pinto (1964) also mentioned a specimen (MZUSP 14031) as an intermediate form, here classified as a typical C. n. noctivagus.
A different explanation for the plumage differences of the two forms would be the Gloger's Rule. It indicates that darker plumage is associated with more humid habitats, and one can also argue that differences in habitat lighting condition can cause different plumage coloration in birds, such as red or orange in closed habitats (McNaught & Owens 2002) . Indeed, the humid forest inhabitant C. n. noctivagus is darker in plumage than C. n. zabele, which inhabits the open, sunny Caatinga.
However, we noticed consistent diagnostic characters such as the tarsus color and the breast plumage of females, along with a distinct, non-overlapping distribution, and habitat preferences. Therefore, these taxa can be recognized as distinct species under the Phylogenetic Species Concept, and hereafter would be treated as such. The recognition of the two forms under the Biological Species Concept (BSC) is less evident. However, the presence of sexual dimorphism only in C. zabele, differences in eggs' color and shape, and absence of hybrids even in areas where the distribution of two taxa approaches suggests that these two closely related forms could be reproductively isolated and that could be also recognized as a full species under the BSC.
This revised taxonomic status may be important for future conservation efforts, including captive breeding and reintroductions. Crypturellus noctivagus is considered threatened in Brazil and also São Paulo, Paraná and Rio Grande do Sul states (Straube et al. 2004, Tomotani A reassessment of the taxonomy of Crypturellus noctivagus (Wied, 1820) Barbara Mizumo Tomotani and Luís Fábio Silveira 2010 , Corrêa et al. 2010 , MMA 2014 and is probably extinct in Rio de Janeiro (Pacheco et al. 1996) , with hunting and deforestation being the main causes for the population decrease. Crypturellus zabele, although still quite common in some national parks such as Serra das Confusões (Silveira & Santos 2012) , is also threatened at national level (MMA 2014) . We also speculate that the destruction of the Atlantic Forest in eastern Brazil, where it is being replaced by more open, secondary vegetation, could contribute for a south/eastward expansion of C. zabele in areas originally dominated by Atlantic Forest (and thus previously inhabited by C. noctivagus).
TAxONOMY
This section summarizes our taxonomic recommendation and provides revised diagnoses for the taxa involved.
Crypturellus noctivagus (Wied, 1820)
Tinamus noctivagus Wied 1820: 158 (footnote). 
Common name
Portuguese (Brazil): jaó-do-sul. English: Yellow-legged Tinamou. C. noctivagus and C. zabele share the popular "Yellow-legged Tinamou" name, but only the latter show such coloration; C. noctivagus has olivaceous legs and the English name should be adjusted for this species.
Diagnosis
Distinguished from C. zabele by solid gray upper breast in females and olivaceous tarsus. Also generally darker and/or more reddish overall coloration than C. zabele, especially in the wing and tail covert bars, but also commonly seen in the abdomen and throat. Usually thinner wing covert light bars. Superciliary stripe usually smaller, thinner and less marked. Eggs more rounded and greenish than in C. zabele. Pacheco et al. (1996) list the species for this state. The species is considered threatened in São Paulo and Paraná (Straube et al. 2004 , Tomotani 2010 , probably extinct in Rio de Janeiro (Pacheco et al. 1996) and was considered extinct in Rio Grande do Sul (Bencke et al. 2003) , until the recent record in a gallery forest (Corrêa et al. 2010) .
Re-description
Examined material (n = 67)
